ZSM-5's adsorption study of kaolin Bangka without organic template using congo red with initial concentration of 50-250 mg / L with variation of contact time of 40-180 minutes. The results of the adsorption of Congo Red (CR) dye at 30 o C-50 o C with pH 7, the increase in contact time causes the dye to decrease significantly. In addition, an increase in adsorption rate at first step then slows down as it approaches to the equilibrium point. The experimental results using each temperature variation, showing the equilibrium time of the adsorption process at contact time of 100 minutes. Four isotherm adsorption models were used to analyze and measure the results of experimental data adsorption. The ZSM-5 adsorption capacity of Bangka kaolin is exhibited for the reds of Congo isotherm adsorption. The results of isotherm adsorption studies on three temperatures showed the fitting into Langmuir isotherms adsorption type which means the adsroption occured physically monolayer, the kinetics of adsorption clearly follows the first-pseudo-order reaction kinetics with higher R 2 closes to 1. The adsorption thermodynamics analysis show that the adsorption chategorized as exthormic reaction (negative value of ∆°), this conclusion is supported by adsortion capacity data in 180 min contact times which demostrate that the increasing adorption temperature decreasing amount adsorbate being adsorbed. The ∆° (Gibb's Energy) of adsorption are negative in several temperature which demonstrates that the adsroption are spontanously occured in ech temperature. The adsorption study can be used as a reference for ZSM-5 adsorption optimization.
INTRODUCTION
In recent years, the legal requirements for hazardous industrial waste discharged into waterways have been increasing rapidly. Consequently, the use of conventional techniques such as tertiary care processes becomes less efficient to produce less harmful aqueous wastes and meet the requirements of the new law. This is due to the high stability of the removed material resistant to the low-oxidizing agent and also its resistance to aerobic digestion. For example, many dyes used in the textile industry and elsewhere are very difficult to remove from aqueous waste by conventional waste treatment methods. For this reason, efficient new techniques are now urgently needed to reduce the dye content of aqueous waste associated with the textile industry to a legally acceptable level.
In developing countries, the textile industry plays an important role in economic development, but the textile industry also creates serious environmental problems, especially waste from yarn or cloth dyeing processes. Wastewater contains colored dye residue compounds and various chemical additives used in the staining process [1] . This waste is very dangerous for the environment especially for aquatic life if released through inadequate care [2] , due to water solubility and stability with low to high concentrations.
Some researchers have reported extensively that long lasting dissolved organic deys contaminants can be efficiently removed by adsorption techniques [1, 2, 3, 4, 5, 6, 7, 8, 9] . This technique can produce waste-free water without odor, thus reducing the consumption of water for waste processing in this industrial sector. In addition, the operation of this unit offers flexibility in design.
Adsorption involving activated carbon has long been regarded as a conventional treatment process that can remove a multitude of pollutants. However, the high cost of activated carbon has restricted its use, particularly in developing countries. This is the reason why many investigators have studied the feasibility of using cheap, commercially available materials as removal agents for dyes [6, 4, 10] .
ZSM-5 as an adsorbent has long been known and easy to use [11] , the availability of ZSM-5 can be improved by converting from the kaolin mineral as the raw material to ZSM-5. Hartanto et al. [12] reported how to synthesis ZSM-5 of Bangka Kaolin without treatment and without template.
In this paper, how is the adsorption character of textile on ZSM-5-from-kaolin had been studied, especially the capacity and the adsorption mechanism on ZSM-5-from-Bangka-kaolin including the isotherm adsorption, adsorption kinetics and adsorption thermodynamics. Due to the many types of dyes used in the textile industry, in this study selected dyes commonly used in the textile industry, namely Congo Red. This data is expected to be used to help simplify the planning
EXPERIMENTAL

Materials
ZSM-5 which synthesized directly from Bangka kaolin without pretreatment and without using organic template. The dyes materials were used in this experiments are Congo red (CR), has chemical
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formula weight 696.65 and λmax 498nm. Aquades was used as a solvent.
Adsorbent preparation
ZSM-5 was synthesized directly from Bangka kaolin without pretreatment and without using organic template. The synthesis procedure of ZSM-5 was adopted from Hartanto, D., et al [12] , taking the recipe for Si/Al molar ratio was 60.
Adsorbate preparation
The dyes materials were used in this experiments are Congo red (CR), has chemical formula weight 696.65 and λmax 498nm. The stock dyes solution have concentration are 500 mg/L, that was prepared by dissolving 0.5 g of dye powder in 1000 ml of distilled water. Different dilutions ware made any ranging from 60 to 250 mg/L, were then prepared using distilled water.
The properties of CR dye used are listed in Table 1 , while the chemical structure of CR dye is shown in Figure 1 . Tabel 1. Physicochemical characteritics of Congo red dye [13] .
CAS No
573-58-0 
Adsorption experiments
Adsorption experiments were conducted by a batch method. A series of polypropylene centrifuge tube containing 0.10 g of ZSM-5 with 50 mL of dye solution (0-100 mg/L) were prepared. The tube was then shaken with a shaker at 150 rpm at any temperature (15, 30, 40 and 50 °C) for 16 hours to reach the equilibrium and followed by centrifugation at 2900 rpm for 15 minutes for sparation. Filtration was carried out to separate the filtrated and residue of adsorbents with 0.1 μm of membrane filter (Millipore, Japan). The absorbance of filtered samples ware measured at peak wavelengh of dyes with UV-2550 UVVisible Spectrophotometer.
The adsorption capacity was calculated by following the equation below :
Qe=(C0-Ce)/C0 ×100% (1) where : qe is the adsorption capacity, the dyes uptake by a unit weight of adsorbent (mg/g), Co is the initial concentration of dye (mg/L), Ce is the residual concentration of dye (mg/L), V is the volume of solution (L) and m is the weight of adsorbent (g).
Adsorption Isotherm
The relationship between the amount of adsorbate absorbed by the concentration of adsorbate in solution at equilibrium and temperature conditions can be expressed by adsorption isotherm.
In isothermal adsorption, in that circumstance the amount of adsorbate (molecule adsorbed) is a function of pressure (if its molecule in the form of a gas) or as a function of concentration at a constant temperature state.
The isotherm adsorption process can be understood through isotherms produced between the contact time (20-180 minutes) and the amount of adsorbate absorbed by the adsorbent mass unit at constant temperature (298 K). In the results of this study used experimental data analysis using Langmuir isotherm adsorption model, Freundlich, Tempkin and Dubinin-Radushkevich (D-R).
The applicability and suitability of the isotherm equation to the equilibrium data were compared using the values of the correlation coefficients, R 2 .
Langmuir adsorption isotherm
Langmuir Adsorption Isotherm is based on several assumptions, ie, adsorption occurs only on a single layer (monolayer), the adsorption heat is independent of surface closure, and all sites and surfaces are homogeneous.
The Langmuir adsorption isotherm equation can be derived theoretically by assuming an equilibrium between the molecules of the adsorbed substance on the surface of the adsorbent with the unsorbed molecules of the substance. The Langmuir equation assumes that the adsorption occurs on a specified surface of homogeneous adsorbents [14, 15] . In addition, on the adsorption of the Langmuir isotherms only form a single layer at maximum adsorption, each atom is adsorbed only at a specific location on the surface of the adsorbent, and each part of the surface can hold only one molecule or atom. The Langmuir adsorption isotherm equation can be written as follows:
where q (mg / kg) is the amount of adsorbate per unit of adsorbent mass, Ce (mg / kg) is the concentration of adsorbate at equilibrium, qm (mg / kg), and KL (mg / kg) are Langmuir constants associated with adsorption capacity and adsorption rate. The parameters in the adsorption of Langmuir isotherms can be determined by converting the Langmuir equation into the following linear equation:
where the 1 / qm value can be determined from the slope of the Ce/qe plot curve with Ce.
Freundlich Adsorption Isotherm
For a small concentration range and a liquid mixture, isoterm adsorption can be illustrated by the empirical equations set forth by Freundlich. Freundlich Adsorption Isotherm is based on the assumption that the adsorbent has a heterogeneous surface and that each molecule has different potential of adsorption. This equation is the most widely used equation today.
The Freundlich equation also shows a reversible or irreversible adsoption process, and it is not forbidden to form a monolayer adsorption process [16] . The Freundlich isotherm adsorption equation is as follows [17] :
then the equation is reorganized by converting it into a logarithmic equation to obtain the following linear equation:
where the value of Kf is Freundlich isoterm constant (mg / g), Qe = number of adsorbed mg in each gram of adsorbent or adsorption capacity, Ce = concentration after adsorption and n = adsorption intensity [18] . The n values range from zero to one reflecting the intensity of adsorption or surface heterogeneity.
Temkin Adsorption Isotherm
This type of isotherm contains factors explicitly related to the adsorbate-adsorbate interactions. Regardless of the very low or high concentration values, this model assumes that the energy or heat of adsorption (temperature function) of all molecules in the layer will decrease linearly with increasing coverage [19] and [20] , due to the adsorbate-adsorbat interaction [21] , due to the adsorbatic displacement and adsorbate adsorption uniformly distributed between layers [22] .
As implicit in the equation, the derivative of this model can be characterized by the uniform distribution of union energy (up to some maximum binding energy) which can be done by plotting the quantities absorbed by qe versus lnCe and constants whose value can be determined from the slope and intercept.
Here is the Temkin isothermal adsorption equation:
And the linear form of the equation with the bond energy can be written as follows:
where BT = (RT)/bT, where T represents the absolute temperature, R is the gas contant (8.314 J / mol K). bT is a constant associated with the heat of the adsorbs. AT is a bond constant in a state of equilibrium (L / min) which depends on the maximum binding energy of the adsorbate and the adsorbent.
Dubinin Radushkevich (D-R) Adsorption Isotherm
Dubinin-Radushkevich isotherms are generally applied to describe the adsorption mechanism with the distribution of Gaussian energy on heterogeneous surfaces [23] Dubinin-Radushkevich (D-R) The isothermal model predicts that the adsorption process follows a pore filling mechanism and is expressed by a semi-empirical equation. The assumption of this model is that the adsorption has a multilayer character, involving van der Waals forces and is applicable to the physical adsorption process [21] .
D-R isotherms investigate the nature of the adsorption process. D-R isotherms do not consider the surface of an adsorbent to be homogeneous or have a constant absorption potential. The isothermal DR can be applied to estimate the average free energies of adsorption (E), where if the value of E is between 1 and 16 kJ/mol, then the physical adsorption is applied, and if the value is more than 16 kJ/mol, then Chemisorption applied [24] .
The D-R isotherm adsorption model is presented linearly with the equation as given below:
where qe, qs, Kad, is the amount of adsorbate on the adsorbent at the time of equilibrium (mg/g); qs = theoretical isothermal saturated capacity (mg/g); Kad = isothermal adsorption constant Dubinin-Radushkevich (mol 2 /kJ 2 ) and ε = Dubinin-Radushkevich isothermal constants. Where ε can be determined using the following equation:
where T is the absolute temperature. The value of qm and Kad can be determined through the intercept and slope of the graph plot lnqe versus ε 2 . The energy value to be used to determine the adsorption properties which is the average free energy of adsorbate molecule (kJ / mol) [22] , E can be calculated using the following equation:
[18]
Kinetics adsorption
The study of adsorption kinetics describes the absorption rate of solutes that determines the residence time of adsorbate adsorption at the solid-solution interface including the diffusion process. The adsorption mechanism depends on the physical and chemical properties of the adsorbent as well as on the mass trasnfer process [25] . The adsorption kinetics model can be analyzed using a pseudo-first-order reaction kinetics equation [26] , the second pseudo-order [15] and Inteerparticle diffusion as follows:
The first-order pseudo-kinetic equation of Lagergen
The first-order pseudo-kinetic equation of Lagergen describes the adsorption process in a solid-liquid system based on the capacity of solids [27, 28, 29] . The general equation of the first-order pseudoreaction kinetics is the following:
where, qeq: The number of phosphate ions adsorbed per unit weight of the adsorbent on balance (mg/g), qt: The amount of cholesterol adsorbent per unit weight of adsorbent at time t (mg / g), Kad: The pseudo-order first order adsorption constant (1 / min) After integration with the limit, for t = 0, q = 0 the equation becomes:
The first-pseudo-order equation can be correlated with the following equation:
where C0 is the initial phosphate concentration of the liquid-solid phase (mmol/L) A1 and β1 are first-order pseudo-reaction constants [29] .
The second-order pseudo-kinetic equation of Lagergen
The second-order pseudo-kinetics equation shows how the adsorption rate of an adsorbate depends on the absorption capacity of the adsorbent rather than on the adsorbate concentration [15] .
The second-pseudo-order equation has the following advantages: it allows evaluation of the effective adsorption capacity, the initial absorption rate and the rate constant of the second pseudo-second kinetic model without knowing any parameters first.
The adsorption rate on the surface of the adsorbent should be proportional to the thrust force multiplied by an area. The rate of the second pseudo-order reaction can depend on the amount of solute being absorbed on the surface of the adsorbent and the amount of adsorbate absorbed at equilibrium. (Ho, et al., 2006) . The pseudo-second order adsorption kinetics equation can be written as follows:
where k is the pseudo second order adsorption speed constant (g/mg.min). Integration of the above equation with boundary condition t = 0, q = 0 obtained the following equation:
[30]
The intercept of the pseudo-order velocity realization linearization is a two-order velocity constant, k. The compatibility between the experimental data and the model prediction value is expressed by the correlation coefficient (R 2 ), where the value of the large correlation coefficient indicates the suitability of the experimental data on the adsorption kinetics model.
Intraparticle diffusion Mechanism
The adsorption mechanism can be explained by using an intraparticle diffusion model. The adsorption process consists of several stages such as movement of particles from outside the adsorbent to the surface of the adsorbent and then followed by molecular diffusion into the pores. Intra-particle diffusion is generally a slow process and is considered a rate-determining stage in the adsorption process. During the adsorption process using the batch transfer method of adsorbate particles to the pores of adsorbent is the rate determining stage. Intraparticle adsorption is expressed by Weber and Morris equationsm [15] .
The diffraction model of Weber and Morris intraparticles is represented as follows:
where Kid is an intra-particle diffusion rate constant (mg / g min 1/2). Referring to this model, the plot of the teradsorb versus square root of the contact time will result in a curve of a straight line passing the origin (0,0) (Weber and Morris, 1963) . When the resulting plot does not pass through the origin, it indicates the degree of control of film diffusion and intraparticle diffusion is not the only determinant of rate [22] .
Linear curves with larger radii illustrate the faster adsorption process This process occurs at the beginning of the adsorption process and possibly describes the adsorption process controlled by the movement of molecules onto the surface of the adsorbent solid. The smaller radient curves represent a slower process. This stage occurs after the first stage and is probably an adsorption process controlled by intra-particle diffusion.
Adsorption Thermodynamics
The adsorption process of adsorbate is often studied by calculating several thermodynamic parameters of the adsorption process ie ΔG•, ΔH• and ΔS•). Gibbs free energy calculation (ΔG•) of the adsorption process can be done by equation [32] :
where R, T, and Kd are gas constants, temperature and distribution coefficients. The Kd can be calculated using the following equation [33] :
where CAe is the amount of adsorbate per unit of adsorbent mass, whereas Ce is the concentration of adsorbate in solution. enthalpy (ΔH•) and entropy (ΔS•) of the adsorption process can be calculated using the slope and intercept of Van't equations below [34] :
The negative value of gibss energy shows a spontaneous adsorption process. A higher negative value indicates that the process is energetically preferred over other mechanisms. While the negative value of the enthalpy confirmed the exothermic adsorption properties. The negative of entropy indicates the low degree of freedom of the adsorbate particles in the liquid-solid interface during the adsorption process [22] .
Surface characteristic of the adsorbent
Surface area and porous size distribution of ZSM-5 sample were measured by nitrogen adsorption analysis (Quantachrome V5.02). Crystal structure of sample was determined by performing X-ray diffraction (XRD) on with a Philips X'Pert Powder Cu Kα radiation source (λ = 1.54 Å) in the 2θ between 5-40° X-ray diffraction spectrometer. Surface morphologies were examined by a scanning electron microscope (SEM, JEOL (JSM 6390) with the working distance of 9.9 mm and an accelerating voltage of 30 keV. Infrared (IR) absorption spectroscopy spectra were measured at room temperature on a Fourier transform infrared (FTIR) spectroscopy (8400s SHIMADZU spectrometer) using the KBr pellet technique. The spectra were measured in 4000-400 cm -1 .
RESULTS AND DISCUSSION
Synthesis of ZSM-5 From Kaolin
This study has been successfully synthesized ZSM-5 directly from Bangka Kaolin without organic templates using silicalite seed. Synthesis method adapted from research Prasetyoko et al. [11] and Hartanto, [12] with a molar composition ratio 10Na2O: 100SiO2: 2Al2O3: 1800H2O and silicalite seed as much as 1% of the mass of solids. Precursors include kaolin used as a source of alumina and silica; silica sol (LUDOX) as an additional source of silica to adjust Si/Al 50; NaOH as Na + ion source and agent of mineralization; silicalite seed crystals to trigger growth and aquademin as a source of H2O. Stages of the synthesis include hydrolysis, gelation, curing and crystallization.
XRD-Characterization
ZSM-5 synthesized were characterized using X-ray diffraction (XRD) with a Philips X'Pert Powder Cu Kα radiation source (λ = 1.54 Å) in the 2θ between 5-40 °. Characterization of X-ray diffraction is used to determine the structure, crystal phase and crystallinity. Crystallinity calculated according to equation 3.1 with specific comparisons using XRD peaks ZSM-5 synthesized Kaolinite is the main content of the kaolin with height content because have height peak [35] . Fig. 2 (b) did not indicate kaolin content and that only have ZSM-5 crystal phase, it show difractogram peaks only ZSM-5 synthesized [12] And the height 2θ pattern showed sharp peaks with high intensity. Therefore, crystallinity of ZSM-5 have height crystallinity.
FTIR-Characterization
Carracterization with Infrared spectroscopic show in Fig 2. This suggests that the bonds have experienced disconnection kaolin and begin to form new bonds. This data is supported by X-ray diffraction that the kaolin samples has been transformed into ZSM-5. The spectra of samples ZSM-5 in Figure 3 shows 5 peaks at wave numbers around 1221 cm -1 and 1102 cm -1 resulting from the asymmetric stretching vibration TOT bond; 796 cm -1 of bond stretching vibration symmetry T-O-T; 546 cm -1 shows the framework vibration Pentasil ring that is characteristic of the structure of the MFI-type zeolite and 450 cm -1 result from vibration buckling TOT, where T is Si or Al atoms [36] . According to Mohammed, [37] peak at 450 cm -1 and 542 cm -1 is the characterization of crystalline ZSM-5 which has the form of the MFI structure. The same was reported by Somani et al., [38] that the increased peak at wave number 550 cm -1 shows that the concentration of the higher MFI structure. These results are consistent with the XRD diffractogram fourth sample, the sample ZSM-5.
SEM-Characterization
Another Observations with Scanning Electron Microscopy (SEM) was used to determine the morphology and size of the crystal sample with Energy Dispersive include an X-ray (EDX) to determine the content of the elements contained in the sample. Morphology ZSM-5 samples as seen in Figure 4 . The results of SEM samples ZSM-5 with a crystallization are shown the presence of large rectangular crystals with a size of 9.61 x 3.8 x 1.3 µm. The morphology of crystal shows ZSM-5 samples are seen to have a uniform crystalline form. However, in some parts there were also a large crystal with a size of about 9.61x3.30x1,5 µm (marked hexagons). The surface area of ZSM-5 calculation uses the BET (Brunauer, Emmet and Teller) calculation model with the assumption that the gas forms an infinite number of layers above a surface [39] . Based on calculations using the BET model, the surface area of the catalyst sample is obtained. The result of isothermal adsorption of nitrogen gas at temperature 77K for determination of surface area of one zeolite with ZSM-5 Si/Al 50 shown that surface area a 333 m2/g and a pore diameter 
Batch adsorption studies
Effect of Initial dye concentration
In order to determine the optimum initial concentration of the target dye, its value was varied (for both dye under study) in the range 50-250 mg/L, while keeping the temperature, adsorbent mass and the contact time constant at 303 K, 0.010 g and 180 min respectively. The effect of initial concentration on the removal of CR (congo red) by the adsorbent is indicated in Table 1 . It is evident from the table that percentage of CR removal decreases with increase in dye concentrations; however actual amount of the dye adsorbed is increased. This is due to increase in dyes concentration, surface area and active sites of the adsorbent were saturated and hence percentage removal decreases.
Effect of contact time
In order to determine the optimum contact time, its value was varied in the range of 20-180 min in a series of experiments in which the initial target dye concentration, the temperature and adsorbent amount were kept constant at 100 mg/L, 303K and 0.010g respectively. The effect of contact time on the removal of CR by the adsorbent is indicated in Table  2 . It is indicated that uptake of the dye is rapid in the beginning and then it becomes constant. The adsorption curves are single, smooth, and continuous leading to saturation and indicate the possible monolayer coverage on the surface of adsorbents by the molecules. 
Effect of Temperature
In order to determine the optimum initial concentration of the target dye, its value was varied in the range 50-250 mg/L, while keeping the initial concentration, adsorbent mass and the contact time constant at 250 mg/L, 0.010 g and 180 min respectively.
The graphic Temperature VS Adsorption eff as shown in Table 3 indicated that uptake of the dye is rapid in the low temperature and becomes decreasing in high temperature. It demonstrates that the increasing temperature, increasing kinetics energy of adsorbate and reduces the ability of interactions between adsorbent-adsorbate. Table 4a tabulates the parameters of the isotherm models employed in this study at 30°C. These models are: Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich. The suitability of the model was determined by choosing the model with the value of R 2 closest to 1. According to theoretical Langmuir adsorption isotherm, The Langmuir equation assumes that the adsorption occurs on a specified surface of homogeneous adsorbents [14] [15] . In addition, on the adsorption of the Langmuir isotherms only form a single layer at maximum adsorption, each atom is adsorbed only at a specific location on the surface of the adsorbent, and each part of the surface can hold only one molecule or atom. This isotherm adsorption can be used to determine the highest adsorption capacity that corresponds to the complete monolayer coverage on ZSM-5 [40] . The values of qm at different temperatures are shown in Tables 4a-4c . Maximum qm was 97,08 mg/g at 30°C.
Adsorption isotherms
The Freundlich isotherm is used to illustrate the non-ideal heterogeneous behavior of the adsorption process. The extent of adsorption can be reflected by the value of KF. It was found that the extent of adsorption at 50°C (KF = 18,2 × 10 8 ) was much higher than that of 30°C (KF = 13,6 × 10 4 ). The value of n calculated from the Freundlich model was close to 1, it is reflecting the high intensity of adsorption or surface heterogeneity [41] . The Temkin isotherm model has been developed on the concept of chemisorptions. It assumes that the heat of adsorption of the molecules of the adsorbate linearly decreases with adsorbent layer coverage due to adsorbate-adsorbent interactions. The equilibrium binding constant, bT (mol/g) was determined from the Temkin isotherm model. The Dubinin-Radushkevich isotherm model can be used to examine the porosity apparent free energy, E and the characteristics of the adsorption process. The values of E for ZSM-5 at 30, 40, and 50°C are 11.952, 129.099 and kJ/mol, respectively. Since all these values range between 1 and 8 kJ/mol, it shows that physisorption was responsible for the adsorption of CR dye onto ZSM-5, but all of the values are higher than 8 kJ/mol, it can be proposed that the adsorption was occured chemically [40] .
After summarizing all the important parameters for each isotherm, the value of R 2 was used to judge the most suitable model for the adsorption of CR dye onto ZSM-5. The results obtained were: DubininRadushkevich (R 2 = 0,855) <Temkin (R 2 = 0,933 <Freudlich (R 2 = 0,949) <Langmuir (R 2 = 0,993) which suggests that the adsorption process can best be described using Langmuir model.
Kinetic studies
In order to investigate the adsorption kinetics of CR dye, three different kinetic models, namely pseudo-first-order, pseudo-secondorder and intraparticle diffusion models were used in this study. The pseudo-first-order kinetic model was used to predict the adsorption kinetics. Plots of ln (qe-qt) versus t gave a straight line, with negative slope of k1 and intercept of lnqe. Inferring from the values of R 2 obtained from the adsorption of CR dye onto ZSM-5, R 2 values are higher than those obtained for the pseudo-second-order model.
On the other hand, the plots of t/qt versus t for the pseudo-secondorder model were also used to study the adsorption process. As can be seen from shows that adsorption of CR dye onto ZSM-5 more fit to the pseudofirst order model. Adsorption rate is controlled by several factors which include: diffusion of the solute from the solution to the film surrounding the particle, diffusion from the medium to the particle surface, diffusion from the surface to the internal sites (surface diffusion or pore diffusion) and uptake which can involve several mechanisms such as physicochemical adsorption, ion-exchange, precipitation or complexation. [42, 43, 44] The most important mechanism controlling adsorption kinetics is the diffusion mechanisms such as the initial curved portion which occurred due to rapid external diffusion and surface adsorption [45] .
when a linear plot using the linear equations of intraparticle diffusion gives the value of C = 0, it can be concluded that intraparticle diffusion is the only rate determining step. When the plot does not produce a curve passing through the origin (0,0) or intercept (C = 0), it indicates that in the adsorption process, the degree of control of film diffusion and intraparticle diffusion is not the only rate determiner. In this study, the plots obtained were non-linear. Even the R 2 value closes to 1. The non linier plot means that The first phase is the bulk diffusion region, the second is the external mass transfer resistance and the third is the intra-particle mass transfer resistance [13] .
Comparing the values of R 2 for the kinetic equations used, adsorption of CR dye onto ZSM-5 can be described by the following kinetic order: pseudo-second-order > intraparticle difussion > pseudofirst-order. It can be concluded that adsorption of CR dye onto ZSM-5 is physically occured. It is because, in the pseudo-first-order-reaction the rate of reaction was driven by one variable it is correlated with our result that the adsorption capacity depends on the concentration of adsorbate. The higher concentration of adsorbate increasing the adsorption kinetics.
Adsorption thermodynamics
Thermodynamic parameters are important in adsorption studies; they provide a better understanding of the effect of temperature on the adsorption process. The thermodynamic parameters are tabulated in Table 6 . The negative values of ∆H° obtained in the adsorption of CR dye onto ZSM-5 signify that the adsorption process was exothermic in nature (Table 6 ). It can be proven from the results of research conducted showed Congo Red adsorption process using ZSM-5 decreased with increasing temperature adsorption.
The ∆H° value was calculated to be -188,201 kJ/mol. In the other hand, the positive values of ∆S° indicate that increase in randomness occurred at solid-solution interface during the adsorption process. This indirectly shows the affinity of adsorbent toward dye molecules [46] . As contained in Table 6 , ∆G° values were negative at all temperatures studied, inferring that the adsorption was spontaneous in nature. While a higher negative value indicates that the process is energetically preferred over other adsorption mechanisms. Since the values of ∆G° decreased with increasing temperature, it suggests that at higher temperature, the driving force was less, resulting in lower adsorption uptake [47] .
CONCLUSION
In this study, the potential of ZSM-5 for the adsorption of CR dye was investigated. Some of the important findings include: i. ZSM-5 which are regarded as adsorbents has meso pores which enhance its adsorption activity. ii.
The percentage of CR dye removal by ZSM-5 was inversely proportional to both its initial dye concentration and adsorption temperature. iii.
The best fitted adsorption isotherm for CR dye removal by ZSM-5 was langmuir Isotherm adsorption. This suggests that the adsorption process occurred physically monolayered. The adsorption occurs on a specified surface of homogeneous adsorbents iv.
The best fitted kinetic model for the adsorption process was the pseudo-first-order kinetic model having the highest R 2 than another kinetics model. v.
Intra-particle diffusion mechanism occurred in the adsorption process; however, it was not the only controlling mechanism in the adsorption process. Thermodynamic studies revealed that the adsorption processes was spontaneous in several temperature and exothermic caused by the negative value of ∆° and ∆°. 
